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High voltage insulating materials 



The invention relates to high voltage insulating materials in solid and liquid 
form, in particular for use in high voltage generators, and also to high voltage generators 
comprising such an insulating material for example for radiotechnology and computer 
tomography. The invention finally also relates to an X-ray system having a high voltage 
generator which comprises such an insulating material. 

Various requirements are placed on modern high voltage devices such as in 
particular high voltage generators of for example X-ray systems, depending on the lype of 
system. 

On the one hand, the high voltage generators and their components should 
have a lasting high voltage stability which is sufficient under all operating conditions This 
means that an arrangement has to be found and an insulating material has to be used which 
can reliably prevent both voltage flashovers on account of surface charges on individual 
components and also voltage breakdowns through the insulating material. 

This applies in particular in the case of modern high voltage generators with a 
high power density since by using increasingly high operating frequencies the power 
components (for example high voltage transformers, cascades, etc) become increasingly 
smaller, the high voltage generators thereby become increasingly compact and consequently 
the field strengths which occur become increasingly high. 

On the other hand, the high voltage generators should have as low a weight as 
possible, in particular in the case of rotating systems such as for example in computer 
tomography devices. Since these devices moreover operate at very high rotational speeds the 
components which rotate along with them are exposed to high acceleration, so that their 
mechanical structure should also be very stable and as small and as compact as possible. 

In order to ensure sufficient high voltage stability in a space that is becoming 
mcreasingly small, the insulating material in the high voltage generator is of course highly 
important. One problem here is, however, the fact that an insulating material with a 
particularly low weight (i.e. low density), as is required for the reasons given above, usually 
has only a relatively low dielectric strength. 
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One further requirement is for there to be no need for the use of insulating 
paper in high voltage generators, since said insulating paper requires complex impregnation 
processes. Instead, it is desired to realize the insulation using plastics technology alone, 
giving the advantage that the insulating material at the same time can also function as a 
support for the relevant components and by virtue of injection molding can be given a shape 
that is optimally adapted to almost any interior of a high voltage generator. 

Where appropriate, there can thus also be formed in the high voltage generator 
areas or channels into which a liquid insulating material is fed in order to cool individual 
components. In the case of such hybrid insulation, as disclosed in EP 1 176 856, it must 
however be ensured that by virtue of the different properties of the solid and liquid insulating 
materials, in particular in terms of the electrical conductivity and dielectric constant thereof, 
voltage breakdowns do not occur at any point of the hybrid insulation. 

Finally, account should also be taken of the fact that high voltage generators 
can be exposed by certain applications to a mixed loading of DC voltage, AC voltage and 
unipolar pulsating voltages, by virtue of which the requirements on the insulating material 
particularly in the case of hybrid insulation, are increased even further on account of the ' 
different voltage drops in the solid and liquid insulating materials. 

It is a general object of the invention to provide a high voltage insulating 
material which can be optimized in a relatively simple manner to one or more of the 
20 abovementioned requirements of a high voltage device. 

In particular, a high voltage insulation material is to be provided which can 
reliably prevent both voltage flashovers on account of surface charges on individual 
components of a high voltage device (in particular high voltage generator) and also voltage 
breakdowns through the insulating material. 

Furthermore, a high voltage insulating material is to be provided which has 
particularly low weight without it being necessary to take account of substantial limitations 
terms of its voltage stability. 

A high voltage insulating material is also to be provided which is particularly 
suitable for use as hybrid insulation in a high voltage generator for example in accordance 
with the disclosure in EP 1 176 856 and compared to the latter has an improved stability with 
respect to voltage flashovers on account of surface charges and/or an improved stability with 
respect to voltage breakdowns through the insulating material. 

Finally, a high voltage generator comprising an insulating material is also to 
be provided which has a reliable dielectric strength which is sufficient under all realistic 
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operating conditions, in particular even mixed loading, while having a relatively low weight 
and/or a particularly small and. compact design. 

This object is achieved as claimed in claim 1 by a high voltage insulating 
material, the electrical conductivity and/or dielectric constant of which is changed by adding 
at least one further material such that when it is used in a high voltage device the voltage 
drops that occur during operation remain below flashover and/or breakdown voltages of the 
insulating material. 

One advantage of this solution is that for example surface charges which 
gather on components of a high voltage device can be dissipated by increasing the electrical 
conductivity of the insulating material at least such that voltage flashovers can no longer 



occur. 



A further advantage of this solution is obtained in the case of hybrid insulating 
materials, that is to say those of different type such as in particular solid and liquid insulating 
materials. Since these usually have different electrical conductivities and/or different 
dielectric constants, correspondingly different DC or AC voltage drops occur at these 
materials which in each case in at least one of the insulating materials may exceed the 
dielectric strength thereof. By adapting the electrical conductivities and/or the dielectric 
constants in accordance with the dielectric strengths, an optimal distribution of the voltage 
drops and hence an overall higher dielectric strength of the hybrid insulating material can be 



20 achieved 



Although US 2002/0094443 Al discloses a solid insulating material in the 
form of a syntactic polyimide foam which is formed of a polymer matrix comprising hollow 
spherical particles of glass, carbon, metal, ceramic or a polymer which are filled with a gas, 
this foam is, as also mentioned therein, not suitable for insulating electrical components and 
has a very high dielectric constant. For this reason, said document is not regarded as relevant 
with regard to the problem according to the invention. 

The dependent claims contain advantageous developments of the invention. 

Claims 2 to 8 relate to solid insulating materials. By introducing the essentially 
spherical particles, a foam-like insulating material with cavities of the same or desired size 
and also a highly uniform distribution of these cavities in the insulating material can be 
produced. 

The insulating materials as claimed in claims 3 and 4 have the advantage that 
they have a particularly low weight. 
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The insulating material as claimed in claim 6 has the advantage that its 
electrical conductivity can be set to a desired value in a relatively precise and reproducible 



manner. 



as 



Claims 9 to 12 relate to liquid insulating materials, where the embodiments 
claimed in claims 9 and 10 can be set relatively simply in terms of their electrical 
conductivity and the embodiments as claimed in claims 1 1 and 12 allow relatively simple 
setting of their dielectric constant. 

Claims 13 and 14 finally relate to high voltage generators comprising in 
particular hybrid insulation, that is to say a combination of a solid and a liquid insulating 
material, these high voltage generators being particularly suitable for use in ^technology. 



Further details, features and advantages of the invention emerge from the 
following description of preferred embodiments of the invention. 



A first embodiment is a solid high voltage insulating material in the form of an 
insulating foam which on account of its low weight is particularly suitable for use in high 
voltage generators for the abovementioned rotating X-ray systems. 

This insulating foam comprises as basic substance for example essentially a 
polymer matrix which has a dielectric constant 8 r of about 3 to 4. 

Into this polymer matrix there is introduced, as further material, a filler in die 
form of spherical particles, in particular hollow spheres. Compared to known methods of 
producing foam-like insulating materials, the advantage is obtained here that the cavities 
formed by the spherical particles have a size that corresponds to that of the particles and can 
thus be set very precisely and is reproducible. 

Furthermore, a significantly more uniform distribution of the cavities in the 
insulating material than with most known relevant methods can be obtained if the weight of 
the spherical particles and in particular the material of which the latter are produced are 
selected such that when they are introduced into the not yet hardened basic substance they 
neither sediment to a great extent nor float, so that a very high and desirable degree of filling 
can also be achieved. 

If, moreover, a known wetting and dispersing additive is introduced in order to 
control the thixotropy and/or viscosity, the degree of filling can be further increased. 
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The filler or spherical particles is/are produced by a method known per se, and 
thus no further details will be given here. 

The resulting cavities - unlike many known insulating foams - do not change 
even if the insulating material is foamed into a casing or the like with very different wall 
5 thicknesses. Moreover, the carbonization (combustion by exothermy) that is to be observed in 
known insulating foams and in the case of large wall thicknesses on account of the process 
does not occur here. 

By virtue of a suitable choice of the material of which the hollow spheres are 
produced, by virtue of the size and number thereof in the insulating material and by virtue of 
10 the type of gas contained in the hollow spheres and the pressure of said gas, the dielectric 
constant of the insulating material can be adapted or changed in a desired manner. 

The spherical particles are in particular hollow spheres which preferably have 
a diameter of for example up to about 100 um. 

The hollow spheres may be made for example of glass, a (capacitor) ceramic 
1 5 or phenolic resin, an acrylonitrile copolymer or of any other insulating material such as for 
example a thermoplastic or duroplastic material. 

The hollow spheres may contain a gas such as for example sulfur hexafluoride 
(SF 6 ) or isopentane or other gases which, as mentioned above, may also be introduced under 
an increased pressure. 

20 Thus > for example, the dielectric constant of the insulating material may be 

reduced further the greater the fraction of gas in the insulating material. This fraction 
increases as the number and diameter of the hollow spheres increase. At the same time, the 
weight of the insulating material may of course also be reduced by virtue of these two 
measures. 

25 Moreover, by suitably selecting the diameter of the hollow spheres and also 

the type and pressure of the gas contained, the dielectric strength of the insulating material 
can also be influenced. For this purpose, the gas pressure in the hollow spheres and also the 
diameter of the latter are to be adapted to one another in a manner known per se such that 
partial discharges in the hollow spheres are avoided. 

30 B y usin g 311 adhesion promoter, the adhesion of the hollow spheres to the basic 

substance can be improved and thus the high voltage stability of the insulating material can 
be further increased. In the case where the hollow spheres are made of glass or ceramic, the 
adhesion to the polymer matrix can be increased by a silanization with about 0. 1 to 0.3%. If 
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the hollow spheres are made of a plastic, the adhesion to the polymer matrix can be improved 
by coating the plastic spheres with calcium carbonate. 

By virtue of all these measures, a hard foam-like insulating material can thus 
be produced, the weight, dielectric constant and high voltage stability of which can be set 
5 within wide limits in a defined and reproducible manner. 

Another problem which arises in particular in connection with the increasing 
use of high operating frequencies and the associated reduction in size of the power 
components (for example high voltage transformers, cascades, etc) and the increasingly 
compact design of the high voltage generators is that charges gather on the surface of solid 
10 insulating materials, which charges lead to voltage flashovers there and may result in 
destruction of the insulating arrangement and thus a fault in the high voltage generator 
(interface problem). 

A dissipation of these charges and thus a further increase in particular in the 
load capacity in terms of DC voltage field strengths can be achieved by providing the 
spherical particles or hollow spheres formed from an electrically non-conductive material 
with an electrically conductive coating. It has been found that by means of this measure in 
conjunction with the above-described properties of the insulating material produced with the 
hollow spheres, such as the uniform distribution and size of the cavities produced in 
particular, the volume conductivity of the insulating foam can be set in a relatively precise 
and reproducible manner by virtue of the choice of density and/or size of the hollow spheres. 

By virtue of this measure, the specific resistance of the insulating material can 
be reduced in a relatively simple manner to a preferred range of about 10 10 Qcm to about 
10 12 Qcm, so that the abovementioned surface charges are effectively dissipated or at least 
reduced such that voltage flashovers can no longer occur. 

The disadvantages which usually arise when conductive particles (silver, 
graphite, etc.) are mixed into the insulating material in order to reduce the resistance are thus 
also largely avoided. This is because in this case there is a very high dependency between the 
amount of particles (i.e. their degree of filling) and the drop in the resistance. This is 
essentially based on the fact that as soon as individual conductive particles in the insulating 
material come into contact (and thus a complex percolation path is formed), the resistance 
drops steeply and in particular there is very quickly a drop to below the abovementioned 
preferred range. This is not to be feared with the coated and very uniformly distributed 
spherical particles. 
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Overall, a targeted field control both in terms of the AC voltage loading, 
namely by setting the dielectric constant, and in terms of the DC voltage loading, namely by 
setting the specific resistance of the insulating material, are thus possible with the insulating 
material according to fee invention. 

This has advantages in particular during use in X-ray systems since the high 
voltage generator is usually exposed by the latter to a mixed loading of DC voltage, AC 
voltage and unipolar pulsating voltages, in particular when it is operated in the limit range of 
the material load capacity. 

It should be mentioned that the spherical particles, depending on the electrical 
requirements of the insulating material, may also have a shape that is only approximated to 
the ideal spherical shape. 

A second embodiment of the invention is a liquid high voltage insulating 
material. This is preferably used in those high voltage generators (in particular having a high 
power density) which are to be constructed without insulating paper but instead using plastics 
technology alone (for example of thermoplasts or epoxy or other insulating resins) together 
with a liquid insulating material. This has Ihe advantage that the complex impregnation 
processes associated with the insulating paper are no longer necessary. 

Moreover, the (solid) insulating materials produced from thermoplasts in the 
form of high power injection molded parts may also at the same time function as a support so 
that, possibly in conjunction with a suitable filigree shaping of these parts, the compactness 
of the high voltage generator can be further increased and the dimensions thereof can be 
further reduced. 

However, on account of the high field strengths there is again the risk here that 
certain surfaces, particularly those of the solid insulating material, will be relatively highly 
charged and hence the above-described interface problem is further intensified. This may 
develop to the extent that voltage flashovers occur on the surfaces even at a field strength 
which is still far below the field strength at which a breakdown of the insulating materials per 
se is to be feared. 

In order to solve this interface problem, the solid insulating material may again 
be given a reduced specific resistance in accordance with the above-described first 
embodiment by introducing hollow spheres coated with an electrically conductive material, 
so that the charges may at least substantially dissipate. 

As an alternative or in addition to this, using the liquid insulating material 
according to the second embodiment of the invention, which likewise has a specific 
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resistance that is reduced in a targeted manner, the situation may be achieved that the surface 
charges on the solid insulating material are at least substantially dissipated by the liquid 
insulating material. 

For this purpose, according to the invention a first substance is added to the 
liquid insulating material, said first substance as far as possible substantially or completely 
dissolving and slightly reducing the specific resistance of the solution. As a result of the fact 
that the substance dissolves, the advantage is obtained that the abovementioned percolation 
paths, which lead to a sudden reduction in the resistance, cannot form and thus a desired 
specific resistance of the liquid insulating material too can be set in a targeted and 
reproducible manner. 

Conventional transformer oil or an ester liquid may for example be selected as 
basic substance of the liquid insulating material. In order to reduce the specific resistance, 
aromatics and/or alcohol (for example ethanol) may for example be added, specifically 
preferably in an amount such that the desired and necessary dielectric strength is still retained 
and the losses in the liquid are still tolerable. 

By virtue of this setting of the specific resistance of the liquid insulating 
material and possibly of the solid insulating material according to the above description, a 
targeted field control or field distribution between solid and liquid insulating materials in 
terms of the DC voltage loading is also possible, so that the voltage drops in the two 
insulating materials (hybrid insulating material) are in each case not greater than the 
dielectric strength thereof. 

The specific resistance of the liquid insulating material may be reduced for 
example to a range between about 10 10 and about 10 13 Qcm as a function of the specific 
arrangement and configuration. 

As an alternative or in addition to this, the dielectric constant of the liquid 
insulating material may in turn also be set or changed with respect to the dielectric constant 
of the basic substance in a desired manner in order to carry out, in a targeted maimer, a field 
control with respect to the AC voltage loading of the insulating material. For example, a 
second substance such as castor oil, which has a dielectric constant s r of about 8, may be 
added to the transformer oil as basic substance (e r = 2.1) in order to increase the dielectric 
constant of the overall insulating material. 

Particularly advantageously, the solid and liquid insulating materials according 
to the invention can be used in combination with one another. 
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This is to be considered for example when a high voltage generator has a 
hybrid insulation in which there are in a solid insulating material channels into which a liquid 
insulating material is fed in order for example to be able to better dissipate the heat from 
particularly highly thermally loaded areas than is possible with the solid insulating material. 
5 A high voltage generator with such hybrid insulation is disclosed in EP 1 1 76 856, to which 
reference should be made as part of the present disclosure. 

In the case of such hybrid insulation, both the specific resistances and the 
dielectric constants of the solid and liquid insulating materials can be advantageously adapted 
to one another in accordance with what has been stated above such that on the one hand 
10 surface charges are reliably dissipated and on the other hand the loading by DC and AC 

voltage fields can be distributed in an optimized manner over the two insulating materials so 
that the respective voltage drops do not exceed the respective dielectric strength. 

By virtue of the targeted field control with regard to the DC voltage and AC 
voltage loading of the two insulating materials, the dielectric strength of the hybrid insulating 
15 material can be further improved and the casing design of the relevant device can be made 
even smaller. In particular, by reliably dissipating surface charges full use can be made of the 
dielectric strength of the insulating material and hence the field strength in the overall system 
can be correspondingly increased. 



